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MICROSCOPY SLIDE SCANNER WITH
VARIABLE MAGNIFICATION

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to the fields of microscopic imaging,
of large specimens with particular emphasis on brightfield
and fluorescence 1imaging, including photoluminescence and
spectrally-resolved fluorescence. Applications include imag-
ing tissue specimens, genetic microarrays, protein arrays,
tissue arrays, cells and cell populations, biochips, arrays of
biomolecules, detection of nanoparticles, photolumines-
cence 1maging of semiconductor materials and devices, and
many others. More particularly, this invention relates to an
instrument and method 1 which a magnification of the
mstrument can be varied while using the same infinity
connected objective.

Description of the Prior Art

Strip-scanning instruments are used for imaging large
microscopy specimens. In these istruments infinity-cor-
rected microscope optics are used, with a high Numerical
Aperture (high NA) microscope objective and a tube lens to
focus an 1mage of the specimen directly onto a CCD or
CMOS linear array sensor or TDI linear array sensor. A
linear CCD detector array with 1000 or 2000 pixels 1s often
used, and three separate linear detectors with appropnate
filters to pass red, green and blue light are used for RGB
brightfield imaging. The sample 1s moved at constant speed
in the direction perpendicular to the long dimension of the
linear detector array to scan a narrow strip across a micro-
scope slide. The entire slide can be 1maged by scanning
contiguous strips and assembling them (by butting strips
together or stitching them together) to create a final 1image.
One strip-scanning instrument uses linear TDI (Time Delay
Integration) array sensors which increase both sensitivity
and 1maging speed. In both of these instruments, exposure 1s
varied by changing illumination intensity and/or scan speed.

A strip-scanning microscope for brightfield imaging that
uses a linear-array detector 1s shown in FIG. 1 (Prior Art). A
tissue specimen 100 (or other specimen to be imaged)
mounted on microscope slide 101 1s 1lluminated from below
by 1llumination source 110. Light passing through the speci-
men 15 collected by infinity-corrected microscope objective
115 which 1s focused on the specimen by piezo positioner
120. The microscope objective 115 and tube lens 125 form
a real image of the specimen on linear detector array 130. An
image ol the specimen 1s collected by moving the micro-
scope slide at constant speed using motorized stage 105 1n
a direction perpendicular to the long dimension of the
detector array 130, combining a sequence of equally-spaced
line 1mages from the array to construct an 1image of one strip
across the specimen. Strips are then assembled to form a
complete 1mage of the specimen.

Fluorescence microscopy 1s usually performed using illu-
mination from the same side as detection (epitluorescence).
If the specimen were 1lluminated from below, as 1n a
brightfield microscope, some of the bright illumination light
passing through the specimen could enter the detector and
compete with the fluorescence signals, which are compara-
tively weak. Because fluorescence signals are weak, a TDI
linear array detector 1s often used instead of an ordinary
linear array detector.
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A prior art scanning microscope for tluorescence imaging
1s shown in FIG. 2. A tissue specimen 100 (or other
specimen to be imaged) mounted on microscope slide 101 1s
illuminated from above by illumination source 200. In
fluorescence 1maging the illumination source is usually
mounted above the specimen (epifluorescence) so that the
intense 1llumination light that passes through the specimen
1s not mixed with the weaker fluorescence emission from the
specimen, as it would be if the i1llumination source were
below the specimen. Several different optical combinations
can be used for epifluorescence i1llumination—including
illumination light that 1s 1injected 1nto the microscope tube
between the microscope objective and the tube lens, using a
dichroic beamsplitter to reflect 1t down through the micro-
scope objective and onto the specimen. A narrow wave-
length band for the 1llumination light 1s chosen to match the
absorption peak of the fluorophore 1n use. Fluorescence
emitted by the specimen 1s collected by infinity-corrected
microscope objective 115 which is focused on the specimen
by piezo positioner 120. Emission filter 205 1s chosen to
reject light at the i1llumination wavelength and to pass the
emission band of the fluorophore in use. The microscope
objective 115 and tube lens 125 form a real image of the
specimen on TDI detector array 210. An image of the
specimen 1s collected by moving the microscope slide at
constant speed using motorized stage 105 1n a direction
perpendicular to the long dimension of the detector array
210, acquiring a sequence of equally-spaced, time-inte-
grated line 1mages from the array to construct an 1mage of
one strip across the specimen. Strips are then assembled to
form a complete 1mage of the specimen. When a TDI linear
array detector 1s used, each line image 1s the result of
integrating the charge generated in all of the previous lines
of the array while the scan proceeds, and thus has both
increased signal/noise and amplitude (due to 1increased expo-
sure time) when compared to the result from a linear array
detector.

A description of strip scanning instruments, using either

linear arrays or TDI arrays, 1s given in U.S. Pat. No.
8,055,042 B2 (*Fully Automatic Rapid Microscope Slide

Scanner”’, by Dirk Soenksen).

A prior art strip scanning instrument for fluorescence and
brightfield imaging using an area detector array and Moving
Specimen Image Averaging (MSIA) 1s shown 1n FIG. 3 (see
WO 2012/083438 Al). A tissue specimen 100 (or other
specimen to be 1maged) 1s mounted on microscope slide 101
on a scanning stage 105. When used for fluorescence imag-
ing, the tissue specimen 1s illuminated from above by
illumination source 310, mounted above the specimen (epi-
fluorescence) so that the intense illumination light that
passes through the specimen 1s not mixed with the weaker
fluorescence emission from the specimen, as 1t would be 1f
the fluorescence illumination source were below the speci-
men. Several different optical combinations can be used for
epifluorescence 1llumination—Ilight from a source mounted
on the microscope objective, as shown; illumination light
that 1s 1njected mto the microscope tube between the micro-
scope objective and the tube lens, imaged onto the back
aperture of the objective, using a dichroic beamsplitter to
reflect it down through the microscope objective and onto
the specimen; and several others. A narrow wavelength band
for the 1llumination light 1s chosen to match the absorption
peak of the fluorophore 1n use. This narrow-band 1llumina-
tion may come from a filtered white-light source, an LED or
laser-based source (including a laser sent through a diffuser
plate 1n rapid motion to eliminate speckle), or other source.
Fluorescence emitted by the specimen is collected by 1nfin-
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ity-corrected microscope objective 115 (or other high-nu-
merical-aperture objective lens) which 1s focused on the

specimen by piezo positioner 120 (or other focusing mecha-
nism). Emission filter 320 1s chosen to reject light at the
illumination wavelength and to pass the emission band of
the fluorophore 1n use. The microscope objective 115 and
tube lens 1235 form a real image of the specimen on two-
dimensional detector array 330. An 1image of the specimen
1s collected by moving the microscope slide at constant
speed using motorized stage 103 1n a direction perpendicular
to an edge dimension of detector array 330, combining a
sequence of equally-spaced overlapping two-dimensional
images Ifrom the array (usually spaced one line apart) to
construct a time-integrated 1mage of one strip of the speci-
men. Data from detector array 330 1s read out by frame
grabber 340 and passed to computer 350 where sequential
overlapping area 1images are added together on a line-by-line
basis to form adjacent strip images that are then assembled
to form a complete 1image of the specimen. The detector
array of FI1G. 3 1s referred to as being a two dimensional (or
“area”) array because a signal from the entire detector array
(or from a two-dimensional area of the array) 1s sent to the
processor whenever a signal 1s sent. Preferably, the scanning,
stage 105 moves and a microscope optical train 360, which
includes the two-dimensional detector array 330 does not
move laterally. Alternatively, the stage 105 can be mounted
in a {ixed position and the optical train 360 can be moved
laterally 1n a direction opposite to the direction that the slide
101 normally moves.

When used for brightfield imaging, transmitted-light illu-
mination source 305 1s used instead of illumination source
310 (which illuminates the specimen from above) and
emission filter 320 1s removed from the optical train 360.

In all of these prior art scanners, magnification can be
changed by changing microscope objectives (for example
using a turret), but this requires a focus change before
scanning with a higher-magnification objective, and regis-
tration differences between images from different objectives
makes 1t difhicult to use a low magnification 1mage as an
index 1mage. Some prior-art scanners isert a magnifying
lens 1n front of the detector to achieve higher resolution,
which also requires focus adjustments before scanning.

For infinity-corrected microscopes, the space between
microscope objective 115 and tube lens 125 1s called the
infinity space. After passing through the infinity-corrected
objective, light from each point 1n the object results in a
bundle of parallel light rays 1n the infimity space travelling,
towards the tube lens. The tube lens forms a real 1mage of
the object on the detector array. Optical accessories like
filters or beamsplitters can be placed 1n the infinity space
without aflecting the final 1image. In the Nikon CFI60
microscope system, the standard tube lens has 200 mm focal
length, and 1s placed 100-200 mm from the microscope
objective (creating an infinity space 100-200 mm 1n length).
Because low power objectives create parallel bundles of
light rays in the infinity space that may have larger angles
with the optic axis of the microscope than those from high
power objectives, placing the tube lens closer to the micro-
scope objective allows it to capture more of the large-angle
rays, reducing vignetting in the final image (especially for
low magnification 1images).

Definitions

For the purposes of this patent document, a “macroscopic
specimen” (or “large microscope specimen’) 1s defined as
one that 1s larger than the field of view of a compound
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optical microscope containing a microscope objective that
has the same Numerical Aperture (NA) as that of the scanner
described 1n this document.

For the purposes of this patent document, “fluorescence”
includes but 1s not limited to single-photon excitation,
two-photon and multiphoton fluorescence, spectrally-re-
solved fluorescence, and photoluminescence; and “speci-
men” mcludes but 1s not limited to tissue specimens, genetic
microarrays, protein arrays, tissue arrays, cells and cell
populations, biochips, arrays of biomolecules, plant and
animal materal, insects and semiconductor materials and
devices. Specimens may be mounted on or contained 1n any
kind of specimen holder. “Fluorophores™ include synthetic
fluorophores, tluorescent proteins, and quantum dots. “Auto-
fluorescence” 1s tluorescence from endogenous molecules,
like proteins 1n a tissue specimen.

For the purposes of this patent document, “exposure”
means any combination of 1llumination intensity, scan speed
(which when increased reduces dwell time for spot-scanning
systems) or shutter speed (for linear detector arrays, e.g.
CCD arrays or CMOS arrays; or for area arrays, e.g. CCD,
CMOS or sCMOS arrays) and/or detector gain (which can
be adjusted by changing PMT voltage and/or preamplifier
gain 1n a spot-scanning instrument, or signal gain in an
instrument using array detectors).

For the purposes of this patent document, TDI or Time
Delay and Integration 1s defined as the method and detectors
used for scanning moving objects (usually consisting of a
CCD-based detector array) in which charge 1s transferred
from one row of pixels in the detector array to the next 1n
synchronism with the motion of the real image of the
moving object. As the object moves, charge builds up and
the result 1s charge integration just as if a longer exposure
was used 1n a stationary imaging situation. When the image
(and 1ntegrated charge) reaches the last row of the array, that
line of pixels 1s read out. In operation this last line of the
moving i1mage 1s read out continuously as the specimen
moves relative to the detector. One example of such a
camera 1s the DALSA Piranha TDI camera.

For the purposes of this patent document, MSIA or
Moving Specimen Image Averaging 1s defined as a method
used for scanning moving objects using an area detector
array (usually sCMOS, CMOS or CCD) 1n which data from
several (or all) rows 1n the detector array are transferred to
a processor 1 synchronism with the motion of the real image
of the moving object across the array as the specimen moves
in a direction perpendicular to the optical axis of the
istrument and perpendicular to an edge dimension of the
detector array. A sequence ol equally-spaced overlapping
two-dimensional 1images from the array (usually spaced one
line apart) are averaged together to construct a time-inte-
grated 1image of one strip of the specimen. For example, 1f
the array contains N=256 rows ol pixels, and data are
transferred each time the image has moved the distance
between adjacent rows of pixels, then each pixel 1n the final
image will be exposed 256 times, resulting 1n a signal/noise
increase of N'#=16.

For the purposes of this patent document the term “1mage
acquisition” includes all of the steps necessary to acquire
and produce the final image of the specimen, including some
of but not limited to the following: the steps of preview
scanning, instrument focus, predicting and setting gain for
imaging each fluorophore, image adjustments including scan
linearity adjustment, field flattening (compensating for fluo-
rescence intensity variation caused by excitation intensity
and detection sensitivity changes across the field of view),
correction of fluorescence signal 1n one channel caused by
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overlap of fluorescence from adjacent (in wavelength) chan-
nels when two or more tluorophores are excited simultane-

ously, dynamic range adjustment, butting or stitching
together adjacent 1mage strips (when necessary), storing,
transmitting and viewing the final image.

For the purposes of this patent document, the term “1mage
processing” means all of the steps required to process the
data to prepare the final image file, including some of but not
limited to the following: the steps of scan linearity adjust-
ment, field flattening, correction for crosstalk when simul-
taneously scanning multiple fluorophores, correcting tluo-
rescence 1mage data by subtracting fluorescence originating,
from the glass of the microscope slide, subtracting the
dark-current noise floor from the detector, and contracting
the dynamic range of the image data to match the (smaller)
dynamic range of the final image.

For the purposes of this patent document, a “frame
grabber” 1s any electronic device that captures individual,
digital still frames from an analog video signal or a digital
video stream or digital camera. It 1s often employed as a
component of a computer vision system, in which video
frames are captured in digital form and then displayed,
stored or transmitted 1n raw or compressed digital form. This
definition includes direct camera connections via USB,
Ethernet, IEEE 1394 (“FireWire”) and other interfaces that
are now practical.

For the purposes of this patent document, a “scan lens” 1s
a flat-field, colour-corrected and mnfimity-corrected objective
lens with an external exit pupil. When used as a focusing
lens 1n a beam scanner, a parallel beam of light enters from
the side of the scan lens away from the object through the
same pupil, which 1s now an entrance pupil, and a scanning
mirror can be placed at the external entrance pupil position
without requiring any intermediate optics between the mir-
ror scanner and the scan lens. A “laser scan lens™ 1s a scan
lens designed for use with laser light sources, and 1s usually
not colour-corrected. When used for scanning an mncoming,
parallel beam of light, the entrance pupil 1s at the position of
the mirror scanner, however when used as an 1maging
objective, this becomes the exit pupil of the lens. Scan lenses
are often telecentric, or nearly telecentric. This definition
includes 1nfinity-corrected telecentric objectives that were
not designed specifically for beam scanning.,

OBJECTS OF THE INVENTION

1. It 1s an object of this invention to provide an instrument
and method for scanning large microscope specimens where
the magnification of the mstrument can be adjusted over a
continuous range to enable scans of the specimen at a range
of resolutions without changing the microscope objective.

2. It 1s an object of this invention to provide an 1nstrument
and method for scanning large microscope specimens where
the magnification of the mstrument can be changed in a
series of steps to enable scans of the specimen at multiple
resolutions using the same microscope objective.

3. It 1s an object of this invention to provide an instrument
and method for scanming large microscope specimens 1n
which a rapid, low resolution scan can be used to provide an
index 1mmage for finding areas of interest, and the magnifi-
cation can be increased to allow the scanner to acquire a
high-resolution 1image of the areas of interest without chang-
ing microscope objectives.

4. It 1s an object of this invention to provide an instrument
and method for scanning large microscope specimens 1n
which a rapid, low-resolution scan can be used to provide an
index 1mage for finding areas of interest, and the magnifi-
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cation can be adjusted to allow the scanner to acquire an
image of this area of interest with a higher resolution but
where the width of the scan strips can be adjusted to reduce
the number of strips required to 1image the entire area of
interest while maintaining an appropriately higher magnifi-
cation.

5. It 1s an object of this invention to provide an 1nstrument
and method for scanning large microscope specimens 1n
which a rapid, low-resolution scan can be used to provide an
index 1mage for finding areas of interest, and the instrument
1s then used to take one or more single field-of-view 1mages
at one or more areas of interest in the mndex 1image where
such single field-of-view 1mages are acquired when there 1s
no relative motion between the specimen and the detector
array, and where magnification can be adjusted such that the
area of interest fills the field-of-view of the nstrument.

6. It 1s an object of this invention to provide an 1nstrument
and method for scanning a large microscope specimen or
specimens 1n fluorescence 1n which a rapid, low-resolution
scan can be used to provide an index image for finding areas
of mterest, and to predict the fluorescence exposure required
for higher-resolution scans or single field-of-view 1mages.

7. It 1s an object of this invention to provide an instrument
and method for scanning large microscope specimens in
which a rapid, low-resolution scan can be used to provide an
index 1mage for finding areas of interest, and higher reso-
lution 1mages of these areas of 1interest can be acquired using
single field-of-view 1images where the single field of view 1s
large enough to include the entire area of interest while still
having the required magnification, or using tiling of several
single-field-of-view 1mages to include the entire area of
interest 1 a single tiled image.

8. It 1s an object of this invention to provide an 1nstrument
and method for scanning large microscope specimens 1n
which a rapid, low-resolution scan can be used to provide an
index image for finding areas of interest, and higher reso-
lution 1mages of these areas of 1interest can be acquired using
single field-of-view 1images where the single field of view 1s
large enough to include the entire area of interest while still
having the required magnification, where a series of single
field-of-view 1mages of the same field-of-view can be used
to monitor changes in the specimen as a function of time.

9. It 1s an object of this invention to provide an 1nstrument
and method for scanning large microscope specimens 1n
which a rapid, low-resolution scan can be used to provide an
index 1mage for finding areas of interest, and higher reso-
lution 1mages of these areas of interest can be acquired by
tiling of several single-field-of-view 1mages to include the
entire area of mterest 1n a single tiled 1image, and a series of
such tiled images of the area of interest can be used to
monitor changes 1n the specimen as a function of time.

10. It 1s an object of thus mvention to provide a zoom
microscope slide scanner using a parfocal zoom lens where
the mstrument can be focused at the highest magmfication
(the longest focal length of the zoom lens) and focus 1s
maintained when zooming to smaller magnification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a prior art brightfield
microscope slide scanner using a linear or TDI detector
array;

FIG. 2 1s a schematic view of a prior art fluorescence
microscope slide scanner using a linear or TDI detector
array;
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FIG. 3 1s a schematic view of a prior art microscope slide
scanner for fluorescence and brightfield 1imaging using an

area detector array for MSIA 1imaging;

FIG. 4 1s a schematic view of a microscope slide scanner
in which a zoom lens 1s used as a tube lens;

FIG. 5 1s a schematic view of a fluorescence microscope
slide scanner using a zoom lens as a tube lens, and 1n which
epi-1llumination 1s 1njected into the infimity space, which
also contains an emission filter;

FIG. 6 1s a schematic view of a microscope slide scanner
in which the length of the infinity space stays constant as the
tocal length of the tube lens 1s changed;

FIG. 7 1s a schematic view of the capture of an 1image strip
when the motion of the detector increases 1n speed along the
specimen strip but the exposure frequency remains constant;
and

FIG. 8 1s a schematic view of the capture of an 1image strip
when the speed of motion of the detector 1s held constant but
the exposure frequency increases.

DESCRIPTION OF THE INVENTION

The magnification marked on the barrel of an nfinity-
corrected microscope objective 1s equal to the focal length of
the tube lens divided by the focal length of the objective. In
the Nikon CFI160 system, the tube lens has a focal length of
200 mm. The CFI Plan Apochromat 20x has a focal length
of 10 mm and an NA of 0.75. I a detector array with 10
micron pixels 1s used, this will result 1n an 1mage 1n which
cach pixel represents 0.5 microns on the specimen, which
requires an optical resolution of 1 micron or better, using a
simple interpretation of the Nyquist theorem. According to
Nikon, the optical resolution of a 0.75 NA Plan Apochromat
1s approximately 0.37 microns when used with white light
illumination, so this objective (which 1s labelled a 20x
objective) has an NA that i1s large enough for 1t to be used
for 40x digital imaging 11 the tube lens focal length 1is
increased to 400 mm.

A PCO.Edge detector (which has 6.5 micron pixels) was
chosen for MSIA 1maging or a linear array with 6 micron
pixels for line scanning. Using the PCO.Edge with 6.5
micron detector pixels, the same 20x 1mage magnification as
achieved with an array using 10 micron detector pixels can
be achieved using a tube lens with a focal length of (6.5/
10)*200=130 mm. In this example, a 260 mm focal length
tube lens results in 40x magmfication, and a 65 mm tube lens
results 1n 10x magnification. Using the same representation
tor the size of one pixel on the specimen (1 micron pixels for
10x, 0.5 micron for 20x, and 0.25 micron for 40x), a
microscope-slide scanner with variable magnification can be
constructed using a single microscope objective (1n the
example above, a Nikon 0.75 NA Plan Apochromat CFI60
microscope objective 1s used) and using a zoom lens as a
tube lens, which allows the focal length of the tube lens to
be varied over a wide range.

FIG. 4 shows a schematic view of a microscope slide
scanner with continuously variable magnification for bright-
field and fluorescence 1imaging that 1s a first embodiment of
this imnvention. A tissue specimen 100 (or other specimen to
be 1maged) 1s mounted on microscope slide 101 on a
scanning stage 105 that moves the specimen at constant
velocity 1 a direction perpendicular to an optical train 460
of the instrument and perpendicular to an edge dimension of
detector array 440.

For brightfield imaging, light from illuminator 110 illu-
minates the specimen 100 from below and light passing
through the specimen 1s collected by infinity-corrected
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microscope objective 115 (or other high-numerical-aperture
infinity-corrected objective lens) which 1s focused on the
specimen by piezo positioner 120 (or other focusing mecha-
nism, one example of which 1s to move the specimen in the
vertical direction to achieve focus while the objective lens
remains stationary). Moving the specimen in the focus
direction using a moving stage 1s an optional focusing
method. Emission filter 320 1s removed from the optical
train 460 during brightfield imaging. The microscope objec-
tive 115 and a zoom tube lens 403 form a real 1image of the
specimen on detector array 440. Detector array 440 1s one of
a linear array, TDI linear array, or 2D MSIA detector array.
The physical length of zoom tube lens 405 changes from
length 410 to length 420 when the focal length 1s 1ncreased,
causing the iner barrel of the lens to extend (as shown with
dotted lines). Zoom lens 405 1s placed a distance 430 above
microscope objective 115, where the distance 430 1s large
enough to leave room for optical accessories to be placed 1n
the infinity space between microscope objective 115 and
zoom tube lens 405 even when the zoom tube lens 1s zoomed
to 1ts longest focal length. For example, when Nikon CFI60
objectives are used, distance 430 1s usually set to 100 mm.

An 1mage of the specimen 1s collected by moving the
microscope slide at constant speed using motorized stage
105 1n a direction perpendicular to an edge dimension of
detector array 440, combining a sequence of equally-spaced
line 1mages from the array to construct an 1image of one strip
of the specimen. {The method of data collection and pro-
cessing for MSIA 1maging 1s different from 1maging using a
linear array or TDI linear array detector, and was described
carlier 1n this document in the description of FIG. 3. The
detector array 330 of FIG. 3 is referred to as being a two
dimensional (or “‘area”) array because a signal from the
entire detector array (or from a two-dimensional area of the
array) is sent to the processor whenever a signal is sent.}
Data from detector array 440 1s read out by frame grabber
340 and passed to computer 350 where strips are then
assembled to form a complete image of the specimen.

Preferably, the scanning stage 105 moves and a micro-
scope optical train 460, which includes detector array 440
does not move laterally. Alternatively, the stage 105 can be
mounted 1n a fixed position and the optical train 460 can be
moved laterally 1n a direction opposite to the direction that
the slide 101 normally moves.

In operation, a low resolution scan 1s usually performed
first, with the focal length of the zoom tube lens set to a short
focal length (70 mm in one prototype). When 1maging at
10x%, the specimen 1s moved twice as fast as at 20x, and the
strip width 1s twice that at 20x, so the scan time 1s Y4 of that
required for a full-specimen scan at 20x. When compared to
a Tull-specimen scan at 40x, the scan time at 10x 15 16 of the
time required for a complete 40x scan. After scanning the
entire specimen at low resolution, the resulting image can be
used as an index scan to find areas of interest that can then
be scanned at higher resolution by increasing the focal
length of the zoom tube lens, or additionally when an area
detector 1s used for MSIA scanning, the specimen can be
moved to an area of interest where the area detector can be
used for acquiring images of a stationary specimen as a
function of time, or for imaging an area of the specimen that
1s larger than the field of view using tiling.

For fluorescence imaging, transmission illuminator 110 1s
turned ofl, and the tissue specimen is 1lluminated from above
by i1llumination source 310, mounted above the specimen
(epifluorescence) so that the intense 1llumination light that
passes through the specimen 1s not mixed with the weaker
fluorescence emission from the specimen, as 1t would be 1f
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the fluorescence 1llumination source were below the speci-
men. Several different optical combinations can be used for
epitluorescence i1llumination—Ilight from a source mounted
on the microscope objective, as shown; illumination light
that 1s 1njected nto the microscope tube between the micro-
scope objective and the tube lens using a dichroic beam-
splitter to reflect 1t down through the microscope objective
and onto the specimen; and several others. A narrow wave-
length band for the illumination light 1s chosen to match the
absorption peak of the fluorophore 1n use. This narrow-band
illumination may come from a filtered white-light source, an
LED or laser-based source (including a laser sent through a
diffuser plate 1n rapid motion to eliminate speckle), or other
source. Fluorescence emitted by the specimen 1s collected
by 1nfinity-corrected microscope objective 115 (or other
high-numerical-aperture objective lens) which 1s focused on
the specimen by piezo positioner 120 (or other focusing
mechanism). Emission filter 320 1s chosen to reject light at
the 1llumination wavelength and to pass the emission band
of the fluorophore 1n use, and 1s placed 1n the infinity space
within the distance 430 above microscope objective 115.
The microscope objective 115 and zoom tube lens 405 form
a real 1image of the specimen on two-dimensional detector
array 330. An 1image of the specimen 1s collected by moving
the microscope slide at constant speed using motorized stage
105 1n a direction perpendicular to an edge dimension of
detector array 440 (where for fluorescence imaging, detector
array 440 1s one of a linear TDI array or an MSIA area
array), combining a sequence ol equally-spaced line or
overlapping area images irom the array (usually spaced one
line apart) to construct an 1mage of one strip of the specimen.
Data from detector array 440 1s read out by frame grabber
340 and passed to computer 350 where strips are then
assembled to form a complete image of the specimen. MSIA
imaging is often used for fluorescence scanning. {The
method of data collection and processing for MSIA imaging,
1s different from 1maging using a linear array or TDI linear
array detector, and was described earlier 1n this document 1n
the description of FIG. 3. The detector array 330 of FIG. 3
1s referred to as being a two dimensional (or “area”) array
because a signal from the entire detector array (or from a
two-dimensional area of the array) 1s sent to the processor
whenever a signal is sent.}

In fluorescence operation, detector array 440 1s a TDI
linear array or a 2D MSIA detector array. A low resolution
scan 1s usually performed first, with the focal length of the
zoom tube lens set to a short focal length. After scanning the
entire specimen at low resolution, the resulting 1image can be
used as an index scan that can be used to predict fluores-
cence exposure for high-resolution scans, and to find areas
of interest that can then be scanned at higher resolution by
increasing the focal length of the zoom tube lens. For MSIA
scanning, where an area detector 1s used, the specimen can
be moved to an area of interest where the area detector
exposure time can be increased for imaging weak fluoro-
phores 1n a stationary specimen, sequential images can be
used to monitor changes in fluorescence as a function of
time, and an area of the specimen that 1s larger than the field
of view can be acquired using tiling.

FIG. 5 1s a schematic view of a fluorescence microscope
slide scanner with continuously variable magnification that
1s a second embodiment of this mvention. In this fluores-
cence microscope slide scanner epi-1llumination 1s provided
by light source 510 and excitation filter 520 (chosen to
provide a narrow band of i1llumination to match the excita-
tion peak of the tluorophore 1n use). After passing through
excitation filter 520, light 1s 1njected into the infinity space
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430 above infinity-corrected microscope objective 115 (or
other high-numerical-aperture infinity-corrected objective
lens), 1s reflected towards microscope objective 115 by
dichroic beamsplitter 530 (chosen to reflect wavelengths 1n
the excitation band of the fluorophore 1n use), and passes
through microscope objective 115 to illuminate an area on
specimen 100. Fluorescence from the illuminated area 1s
collected by microscope objective 115, resulting 1n parallel
bundles of rays in the infimty space 430 from each fluo-
rescing point 1n the specimen. This fluorescence emission
passes through the dichroic beamsplitter 530 and through
emission filter 540. Emission filter 540 1s chosen to pass
wavelengths 1n the emission spectrum of the fluorophore 1n
use, and to reject other wavelengths. The parallel bundles of
fluorescence light from the specimen are focused by zoom
tube lens 405 onto detector array 440, forming a real image
of the fluorescent specimen. As described in FIG. 4, when
used for tluorescence 1imaging, detector array 440 1s one of
a linear TDI array or an MSIA area array.

FIG. 6 shows a schematic view of a microscope slide
scanner with continuously variable magnification for bright-
field and fluorescence 1imaging that 1s a third embodiment
(and a preferred embodiment) of this invention. The 1nstru-
ment described 1n FIG. 6 1s similar to that shown 1n FIG. 4,
except that 1n this case the zoom tube lens 403 1s comprised
of a stationary barrel 610 which 1s held stationary at the top
of infinity space 430, and an outer moving barrel 615 and
detector 440 move up and down as the focal length of zoom
tube lens 405 1s changed. When the focal length of zoom
lens 405 1s changed from a mimmum to a maximum, the
outer zoom lens barrel 615 and detector array 440 move
upward a distance 620. In addition, in this embodiment the
length of infinity space 430 has been reduced, leaving only
enough 1nfinity space for fluorescence emission filter 320. In
this embodiment the length of infinity space 430 remains
constant when the focal length of zoom tube lens 405 1is
changed, and 1n addition the length of infinity space 430 has
been reduced. When low magnification 1s chosen, an
increased field of view of microscope objective 115 1s
necessary, and parallel bundles of rays from object points
near the edge of the field of view make larger angles with the
optic axis than when larger magnification 1s used. This
embodiment maximizes the capture of large-angle bundles
of rays by zoom tube lens 405. If these large-angle rays are
not captured by zoom lens 4035, the image acquired by
detector 440 will show wvignetting, which will be most
apparent at low magnification. A window 617 in the outer
barrel of zoom lens 405 allows the operator to read the focal
length to which the lens has been zoomed. The optical
magnification of the scanner 1s equal to the focal length of
zoom lens 4035 (read through window 617) divided by the
focal length of infinity-corrected microscope objective 115.

The mstrument described 1n FIG. 6 1s used for brightfield
imaging when emission filter 320 1s removed, and transmis-
sion light source 110 1s used for i1llumination of specimen
100 from below. For fluorescence imaging, light source 110
1s turned ofl and epi-fluorescence light source 310 1s used,
tuned to a wavelength band that 1s appropnate for the
fluorophore 1n use. At the same time, emission {filter 320
(chosen to match the peak wavelength band of the fluores-
cence emission spectrum) 1s mserted into the optical train.

If fluorescence 1maging using epi-illumination njected
into the microscope tube (as 1 FIG. §) 1s implemented, the
length of infinity space 430 must be increased to allow both
dichroic mirror 530 and emission filter 540 to be inserted
into the infinity space between microscope objective 115 and
the bottom of the inner tube 610 of zoom tube lens 405.
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When detector array 440 1s one of a linear array, linear
TDI array or 2D MSIA detector array, a rapid low-magni-
fication (low-resolution) scan can be used to acquire an
index 1mage for finding and specifying the position of areas
of mterest 1n the specimen, and for predicting the exposure
required for high-resolution fluorescence 1mages. When a
high-resolution 1image of the area of interest 1s required, it
can be achieved by scanning after increasing the focal length
of zoom lens 405 to increase magnification of the scanner.
Magnification can be changed by simply changing the focal
length of the zoom lens, without changing microscope
objectives. Magnification can be adjusted to allow the scan-
ner to acquire an 1mage of this area of interest at a higher
resolution where the width of the scan strips can be adjusted
by changing the focal length of the zoom lens to minimize
the number of strips required to 1image the entire area of
interest while maintaiming an appropriately higher magnaifi-
cation.

If detector array 440 1s an area detector for MSIA scan-
ning, 2-D area images of the area of interest can be acquired
when the specimen 1s stationary. A rapid, low-magnification
scan can be used to provide an index 1mage for finding areas
of interest, and the instrument can then be used to take one
or more single-field-of-view 1images at one or more positions
of interest 1n the index image where such single-field-of-
view 1mages are acquired when there 1s no relative motion
between the specimen and the detector array, and where
magnification can be adjusted such that the area of interest
fills the field-of-view of the instrument. In addition, fluo-
rescence contrast from the area of interest 1 a rapid low-
resolution fluorescence scan can be used to predict the
appropriate exposure for single field-of-view fluorescence
images. When the area of interest 1s larger than the field of
view ol the microscope at the required magnification, tiling,
of several single-field-of-view 1images can be used to form a
high-resolution 1mage of the entire field of interest. When
one single-ficld-of-view 1mage contains the entire area of
interest, a series of exposures can be used to monitor
changes 1n the specimen as a function of time. If the area of
interest 1s too large to be contained 1n a single-field-of-view
image, then a series (in time) of tiled 1images of the area of
interest can be used to monitor changes 1n the specimen as
a function of time.

If zoom lens 405 1s a parfocal zoom lens, in which no
change 1 focus occurs when the lens 1s zoomed, the
microscope can be focused at highest magnification (when
the zoom lens 1s at maximum focal length, and where focus
1s most critical) and focus will be maintained when zoom
lens 405 1s zoomed to shorter focal lengths for lower
magnification.

Although 1nfinity-corrected microscope objectives are
usually used, scan lenses and telecentric lenses that are
infinity-corrected can also be used instead of microscope
objectives. In these cases, the scan or infinity-corrected
telecentric lens should be mounted such that its exit pupil 1s
close to the entrance pupil of the zoom lens (when the zoom
lens 1s adjusted to its shortest focal length). This will
maximize the acceptance angle of the zoom lens for off-axis
parallel bundles of light rays and minimize vignetting when
the magnification of the system 1s low. Vignetting 1s not such
a problem when the zoom lens 1s adjusted to longer focal
lengths, since even though its entrance pupil moves away
from the front of the lens as the focal length increases, the
maximum angle between the bundles of parallel rays leaving,
the objective and the optic axis reduces rapidly as the field
of view of the microscope decreases with increasing focal
length of the zoom lens.

10

15

20

25

30

35

40

45

50

55

60

65

12

Each of the variable-magnification microscope slide scan-
ners described above used a zoom lens focused on one
detector array, and 1n the scanner using MSIA detection, the
same detector was used for both scanning and area 1imaging,
of stationary specimens. It 1s possible to design a variable-
magnification microscope slide scanner that can be used for
both scanming and stationary-specimen imaging using a TDI
linescan detector by using a zoom lens and two detectors (a
TDI detector for scanning and an area detector for stationary
imaging) to enable both scanning and area imaging of
stationary specimens in the same mstrument. For example,
a variable-magnification {fluorescence scanner can be
designed using a zoom lens focused on a TDI linescan
detector for scanning, and then on an area detector for
single-field-of-view 1maging when the specimen 1s station-
ary. For brightfield, the zoom lens can be focused on a
linescan camera for scanning, or on an area detector for
single-field-of-view 1maging when the specimen 1s station-
ary. In both of these cases (brightfield and fluorescence) the
single-field-of-view 1mages can be used for momitoring
changes in the specimen as a function of time, and/or used
for tiling.

When the magnification 1s changed 1n a scanner the scan
speed (speed of the scanming stage) must be re-synchronized
with the exposure frequency (line rate for a linescan camera,
frame rate for MSIA, or charge transier rate for TDI) so that
the specimen moves a distance equal to the distance between
pixels 1 the final 1mage each time a new exposure 1s
triggered, by adjusting either the stage scan speed or the
exposure frequency.

For a scanner using a linescan detector with a single row
of detector pixels, after a magmification change by zooming
the new stage scan speed or exposure frequency can be
estimated since even if the values are 1% away from the
correct values, the result 1s only a 1% change 1n the length
of the image strip, which will not be noticeable 1n a tissue
image.

When the magnification i1s changed 1n a scanner using
MSIA or TDI detection, the scan speed (speed of the
scanning stage) and the exposure frequency {frame rate
(MSIA) or charge transfer rate (TDI)} must be synchronized
before scanning to ensure that the scanning stage moves a
distance equal to the distance between pixels in the final
image each time a new exposure 1s triggered. As one
example, consider a 100-stage TDI device or an MSIA
detector using 100 active lines (for MSIA using the
PCO.Edge this 1s accomplished by choosing a 2560x10
detector region of interest). The detector region of interest 1s
a rectangular sub-array of pixels in the detector. This 1s
different from an area (or region) of interest 1n the specimen,
which 1s an area of the specimen that has a specific property
that 1s of interest to the pathologist (which 1n some cases 1s
chosen by image analysis software). For this example,
assume the magnification has been changed to achieve 0.5
micron pixels in the final 1mage (often used in digital
microscopes to approximate a 20x magnification image). In
this example spacing of pixels 1n the final 1mage 1s equiva-
lent to a spacing of 0.5 microns on the specimen (0.5
micron pixels™). I the detector pixel spacing 1s 6.5 microns,
as 1t 1s 1n the PCO.Edge detector, and a microscope objective
with a 10 mm focal length 1s used, then an optical magni-
fication of 6.5/0.5=13 is required, and the zoom tube lens
should be adjusted to a focal length of 13x10=130 mm, since
the optical magnification of the scanner=t, . ,.,./ 1,1 jccnive:

Method #1: After adjusting the focal length of the zoom
tube lens to change the magnification of the scanner, esti-
mate the scan speed that would be required for that magni-
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fication for a constant charge transtier rate (ITDI) or frame
rate (MSIA). In this example, for easy calculation, assume
the charge transfer rate or frame rate 1s 100/second, and use
a 100-line detector as described 1n the previous paragraph.
Using 0.5 micron specimen pixels, the scan speed that
synchronizes with this charge transfer rate or frame rate 1s 50
microns/second. Also assume the magnification calculated
using the focal length read through window 617 1n zoom
tube lens 405 after zooming 1s within +/-10% of the actual
value, resulting in an estimated scan speed of 50 microns/
second. Step 1: Acquire a series of 1mages at constant
exposure frequency (charge transier rate or frame rate) while
varying the stage scan speed 1n a series of steps from 10%
below the estimated speed to 10% above. FIG. 7 shows the
relative motion between a detector 710 and a real optical
strip 1mage 720 of a specimen that 1s being scanned, and a
resulting digital strip 1image 730. For this example, assume
detector 710 1s an area detector for MSIA 1imaging. The real
optical strip 1mage of the specimen moves from right to left
in FIG. 7 across the area detector 710. This 1s depicted 1n the
figure as relative motion of the detector 710 from left to right
across the stationary real image 720. In this example, the
relative velocity V of the detector 1s varied from 45 microns/
second to 55 microns/second 1n 1 micron/second steps, and
the exposure rate v[] remains constant at 100 frames/
second. When detector 710 reaches starting point 0, the
exposure clock 1s started at a constant frequency v, and the
speed of the detector 1s increased to increase the relative
velocity to a value V1=45 microns/second before the leading
edge of the detector reaches point 1 (after 2 second of
travel), and this speed 1s maintained until the leading edge
of the detector reaches point 3. When the leading edge of the
detector reaches point 3, 100 lines of constant-speed image
data will have been acquired and stored between points 1
and 2 1n strip image 730. Between points 3 and 4 the relative
speed of detector 710 1s increased to 46 microns/second, and
when the leading edge of the detector reaches point 6, 100
lines of constant-speed data will have been acquired
between points 4 and 5 1n Image 730. Between points 6 and
7, the relative speed of detector 710 1s increased to 47
microns/second, and when the leading edge of detector 710
reaches point 9, 100 lines of constant-speed data will have
been acquired between points 7 and 8 in strip 1image 730.
This sequence 1s continued until data has been acquired with
V11=55 microns/second. Eleven constant-speed images,
cach 100 pixels long, will now be contained in Image Strip
730 which 1s comprised of 2750 lines of data. The first
constant-speed 1mage 1s 100 pixels wide, starting at pixel
position 50; constant-speed 1mage #2 starts at pixel position
300, after allowing 2 second for the stage scan speed to
increase to a new constant speed, followed by 100-pixel-
wide constant-speed images that start every 250 pixels along,
the strip. The parts of 1mage strip 730 between points 0 and
1. 2 and 4, 5 and 7, and so on, contain data that has been
blurred by changing relative detector velocity during acqui-
sition and should be 1gnored. The constant-speed 1image with
the highest spatial frequencies will be the 1image 1n which the
relative speed of the detector 1s best synchronized with the
constant exposure Irequency at that magnification. In this
example, the best image may have been acquired with a scan
speed that 1s up to 2% diflerent from the best scan speed,
which means the pixel data acquired by the leading edge of
the detector can be displaced by half a pixel distance when
compared to the pixels acquired by the trailing edge of the
detector, which may result 1n slight blurring of all pixels 1n
the 1mage 11 that scan speed 1s used. A second, iterative
calculation of scan speed can then be accomplished by
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repeating the measurement, starting 1% below and ending
1% above the scan speed of the best constant-speed 1mage,
and acquiring a sequence of images 1 0.1% steps to
calculate a better value for scan speed. This final value will
be within 0.05% of the correct value for this magnification,
which will cause pixel negligible pixel blurring in the final
scan 1mage since data averaged to produce the final 1mage
will be from measurements that are all within a distance
equal to V20 of the distance between pixels. In a scanner that
1s computer controlled, these steps can be automated and a
value for scan speed can be quickly calculated automatically
whenever the magnification of the mstrument 1s changed.

Method #2: Instead of varying the speed of the scanning
stage and keeping the exposure frequency constant, vary the
exposure frequency and keep the speed of the scanning stage
constant. FIG. 8 illustrates this situation. In FIG. 8, area
detector 710 moves with constant relative velocity along the
length of specimen strip 720. Data taking begins at point 0
with exposure frequency set to vl (which 1s lower than the
exposure frequency estimated for the new magnification)
and constant stage scan speed V. In this example, the
exposure frequency will be varied from 90 to 110 frames/
second 1 1 frame/second steps while the detector relative
velocity 1s kept constant. When detector 710 reaches starting
point 0, the exposure clock 1s started at a frequency v1, and
the speed of the detector 1s increased between points 0 and
1 to a constant relative velocity of V=50 microns/second
before the leading edge of the detector reaches point 1. Fitty
exposures are acquired between points 0 and 1 to give the
scanning stage time to reach constant velocity. Exposure
clock frequency v1 1s maintained until the leading edge of
the detector reaches point 3. When the leading edge of the
detector reaches point 3, 100 lines of constant-irequency
image data will have been acquired and stored between
points 1 and 2 in strip 1image 810. At point 3 the exposure
frequency of detector 710 1s increased to 91 frames/second,
and when the leading edge of the detector reaches point 5,
100 lines of constant-exposure-frequency data will have
been acquired between points 3 and 4 1n Image 810. At point
5, the exposure frequency of detector 710 1s increased to 92
frames/second, and when the leading edge of detector 710
reaches point 7, 100 lines of constant-exposure-irequency
data will have been acquired between points 5 and 6 1n strip
image 810. This sequence 1s continued until data has been
acquired with v21=110 frames/second. Twenty-one con-
stant-exposure-irequency 1mages will now be contained 1n
Image Strip 810 which 1s comprised of 42350 lines of data.
The first constant-exposure-frequency 1mage 1s 100 pixels
wide, starting at pixel position 50 (position 1 1n 1image 810),
constant-exposure-frequency image #2 starts at pixel posi-
tion 250 (position 3 in 1image 810), followed by 100-pixel-
wide constant-exposure-frequency images that start every
200 pixels along the strip. The part of image strip 810
between points 0 and 1 contains 1image data that has been
blurred by a changing value of stage scan speed, and the
parts of 1mage strip 810 between points 2 and 3,4 and 5, 6
and 7, and so on, contain image data that has been blurred
by changing frame rate during acquisition and should be
ignored. The constant-exposure-frequency image with the
best image sharpness (highest spatial frequency content) will
be the 1mage 1n which the relative speed of the detector 1s
best synchronized with the exposure frequency at that mag-
nification. As before, this sequence can be repeated using a
smaller step size above and below the measured best frame
rate to achueve even better synchronization between stage
scan speed and frame rate.
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Method #3: Vary the speed of the stage at a constant rate
while holding the exposure frequency constant, or vary the
exposure frequency at a constant rate while holding the stage
scan speed constant. When a 1 cm strip on a specimen 1s
scanned with 0.5 micron resolution, the strip image will be
20,000 pixels long (and 2500 pixels wide when using a
100x2500 pixel area detector). When the synchronization is
changed by +/-10% during this 1 cm scan, the change 1n
synchronization (either by varying stage scan speed or
exposure frequency) along a 100-pixel length of the strip
image 15 1%. Image sharpness will peak at one position
along the strip 1image, yielding a first approximation of the
best combination of stage scan speed and exposure Ire-
quency. Sharpness of the strip 1mage as a function of
position can be measured by segmenting the strip mto a
series ol sub-images along the length of the strip and
cvaluating spatial frequencies i each sub-image, with the
highest spatial frequencies in the sub-image that has the best
synchronization between stage scan speed and frame rate (or
charge transier rate in the case of a TDI detector). This
measurement can be accomplished 1n several ways, for
example using a tissue specimen 1maged in brightfield, or
imaging a slide containing a Ronchi ruling (with rulings
perpendicular to the stage scan direction). When a Ronchi
ruling 1s used, calculation of maximum spatial frequency as
a function of position along a line parallel to the scan
direction 1n the 1mage of the strip 1s usually suflicient to find
the best combination of scan speed and exposure frequency
for synchronization (where the best combination of scan
speed and exposure Irequency coincide with the highest
spatial frequency along the line).

When the best combination of scan speed and frame rate
(MSIA) or charge transfer rate (1DI) has been measured for
a particular magnification (zoom setting), it does not have to
be adjusted again until the magnification (zoom setting) 1s
changed.

The scan speed 1s synchronized with the frame rate (or
charge transier rate) when the stage moves a distance equal
to the distance between pixel-positions in the specimen in a
time equal to the time between successive exposures.

The 1nvention claimed 1s:

1. An instrument for scanning a large microscope speci-
men, the mstrument comprising a detector array that 1s part
of an optical train to focus light from the specimen onto the
detector array, the specimen being movable relative to the
detector array, the optical train having an infinity corrected
objective, the specimen being mounted on a support and
moving relative to the detector array during scanning by a
scanner, the istrument having a magnification that 1s adjust-
able using a zoom tube lens over a continuous range of
magnification to enable scans of the specimen to be taken
over a range of resolutions with the same infinity corrected
objective, a rapid, low-resolution scan can be used to
provide an index image for finding areas of interest, the
magnification being increased with the same infinity cor-
rected objective to allow the scanner to acquire a high
resolution 1mage of at least one of the areas of interest, the
detector array being an area detector for scanning using
Moving Specimen Image Averaging.

2. The instrument as claimed in claim 1 wherein the
istrument 1s operational 1n fluorescence.

3. The instrument as claimed in claim 1 wherein the
infinity corrected objective 1s a microscope objective.

4. The instrument as claimed 1n claim 1 wherein the area
detector 1s used for scanning with Moving Specimen Image
Averaging, the scan speed being adjusted as the magnifica-
tion 1s adjusted.
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5. The instrument as claimed in claim 1 wherein the
magnification 1s adjustable 1n a series of steps.

6. The instrument as claimed 1n claim 1 wherein a width
ol scan strips can be adjusted to reduce a number of strips
required to 1mage an entire area of interest while maintain-
ing a higher magnification than that of a low resolution
preview scan.

7. The instrument as claimed in claim 1 wherein the
instrument 1s configured to scan the large microscope speci-
men 1n fluorescence and to predict a fluorescence exposure
required for higher-resolution scans.

8. The instrument as claimed in claim 1 wherein the
specimen 1s mounted on a zoom microscope slide scanner
having a parfocal zoom lens, the mnstrument being focused
at a high magnification and the focus being maintained when
zooming to a smaller magnification without varying the
infinity corrected objective.

9. The mstrument as claimed 1n claim 1 whereimn the

magnification 1s adjusted by a zoom tube lens.

10. The mstrument as claimed 1n claim 9 wherein the
zoom tube lens forms a real image of the specimen on the
detector array and a physical length of the zoom tube lens
increases when a focal length of the zoom tube lens
increases causing an inner barrel of the zoom tube lens to
extend.

11. The instrument as claimed in claim 9 wherein the
zoom tube lens has an inner barrel that remains stationary at
a top of an 1nfinity space as an outer barrel of the zoom tube
lens and detector array moves relative to the mner barrel as
a physical length and a focal length of the zoom tube lens 1s
adjusted.

12. The mstrument as claimed in claim 9 wherein the
zoom tube lens has a stepped zoom.

13. The mstrument as claimed in claim 12 wherein the
stepped zoom moves 1n equally spaced increments.

14. The mstrument as claimed in claim 12 wherein the
stepped zoom has a scale to indicate a plurality of positions.

15. The mstrument as claimed 1n claim 1 wherein the
specimen 1s moved relative to the detector array during
scanning at a constant velocity.

16. A method for scanning a large microscope specimen
using an instrument having a detector array that 1s part of an
optical train to focus light from the specimen onto the
detector array, the optical train having an infinity corrected
objective, the method comprising moving the specimen
relative to the detector array during scanning by a scanner,
adjusting the magnification over a range using a zoom tube
lens to enable scans of the specimen to be taken over a range
of resolutions with the same infinity corrected objective,
taking a rapid, low-resolution scan to provide an index
image or for finding areas of interest, increasing the mag-
nification with the same infinity corrected objective to allow
the scanner to acquire a high resolution image of at least one
of the areas of interest, using an area detector as the detector
array and scanning using Moving Specimen Image Averag-
ng.

17. The method as claimed 1n claim 16 including the steps
of using the zoom tube lens to form a real 1mage of the
specimen on the detector array and increasing a physical
length of the zoom tube lens as a focal length of the zoom
tube lens increases.

18. The method as claimed in claim 17 including the step
ol increasing the physical length of the zoom tube lens by
causing an inner barrel of the zoom tube lens to extend.

19. The method as claimed in claim 17 1including the step
of causing the physical length of the zoom tube length to




US 10,114,206 B2

17

adjust by adjusting the outer barrel while the mnner barrel
remains stationary at a top of an infinity space.

20. The method as claimed in claim 17 including the step
of using a zoom tube lens with a stepped zoom.

21. The method as claimed in claim 20 1including the step
of causing the stepped zoom to move in equally spaced
increments when the stepped zoom 1s adjusted.

22. The method as claimed in claim 20 1including the step
of locating a scale on the stepped zoom to indicate a plurality
of positions, thereby enabling an operator of the instrument
to return to a specific zoom position by returning to the same
position on the scale.

23. The method as claimed 1n claim 16 including using a
two dimensional detector array as the area detector.

24. The method as claimed 1n claim 23 including the steps
of moving the scanner relative to the specimen to 1mage an
area of 1nterest of the specimen and using the area detector
to acquire 1mages of the specimen as a function of time when
the specimen 1s stationary relative to the detector.

25. The method as claimed in claim 16 including oper-
ating the instrument in fluorescence.

26. The method as claimed in claim 16 1including the step
of using a microscope objective as the infinity corrected
objective.

277. The method as claimed 1n claim 16 including the steps
of using the area detector for scanning with Moving Speci-
men Image Averaging and adjusting the scan speed as the
magnification 1s adjusted.

28. The method as claimed 1n claim 16 including the steps
of adjusting a width of scan strips to reduce a number of
strips required to 1mage an entire arca of interest while
maintaining a higher magnification than that of a low
resolution preview scan.

29. The method as claimed 1n claim 16 including the steps
of mounting the specimen on a zoom microscope slide
scanner having a parfocal zoom lens, focusing the instru-
ment at a high magnification and maintaining the focus
when zooming to a smaller magnification without varying
the 1nfinity corrected objective.

30. The method as claimed 1n claim 16 including adjust-
ing the magnification by a zoom tube lens.

31. The method as claimed in claim 16 including the step
of moving the specimen at a constant velocity relative to the
detector array during scanning.

32. The method as claimed 1n claim 16 including the steps
of adjusting a focal length of the zoom tube lens of the
scanner, estimating a constant frame rate using Moving
Specimen Imaging Averaging.
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33. The method as claimed 1n claim 32 including the steps
of varying an exposure frequency of the scanner and keeping
a speed of a scanning stage, which supports the specimen,
constant relative to the detector array.

34. The method as claimed 1n claim 32 including the steps
of varying a speed of a scanning stage, which supports the
specimen, at a constant rate relative to the detector array
while maintaining an exposure frequency of the scanner
constant.

35. The method as claimed 1n claim 32 including the steps
of using the scanning stage to support the specimen, and
varying an exposure frequency of the scanner at a constant
rate while maintaining a speed of the scanning stage relative
to the detector array constant.

36. The method as claimed 1n claim 16 including the steps
ol changing the magnification to a new magnification by
adjusting a focal length of the zoom tube lens of the scanner
to a different focal length, estimating a different scan speed
that 1s required for the different focal length, measuring the
correct scan speed for the different focal length by either
varying the scan speed at constant exposure frequency or
varying the exposure frequency at constant scan speed over
a range from above to below the estimated scan speed or
exposure frequency respectively while measuring the sharp-
ness ol an 1mage along a scan strip where a sharpest image
will be achieved when the measured spatial frequency 1s a
maximuin.

3’7. The method as claimed 1n claim 36 including the steps
of estimating the different scan speed based on one of
exposure frequency and charge transter rate and determining
the correct scan speed by measuring one of exposure 1ire-
quency and charge transier rate.

38. The method as claimed 1n claim 37 including the steps
of measuring the sharpness of the image along the scan strip
by measuring and calculating a spatial frequency 1n the strip
image as a function of scan speed or exposure Irequency
along the strip.

39. The method as claimed in claim 38 including the steps
of determining the maximum measured spatial frequency by
determining the spatial frequency when the scan speed and
exposure Irequency match perfectly, thereby determining
the best scan speed for the new magnification.

40. The method as claimed 1n claim 39 including the steps
of determining the best scan speed or exposure rate for the
new magnification.
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